ABSTRACT: Shore platform erosion is considered a driving mechanism for cliff recession on many rocky coasts and, in the vicinity of sea defence structures, a threat to their stability, yet the spatial pattern of platform erosion, as well as the rate of lowering, is poorly documented. Measurements based on techniques such as the micro-erosion metre or laser scanner, though highly accurate for short time scales and specific locations, are difficult to extrapolate in space and time. They also fail to record meso-scale changes such as block removal. This paper describes a technique to quantify spatial and temporal changes and presents first results.
INTRODUCTION
Shore platforms are usually backed by cliffs, many of which are protected by engineering structures including seawalls and groynes. In situations where the cliffs are not protected, shore platform downwearing, in addition to wave attack at the foot of the cliff, is thought to control cliff-line retreat (Trenhaile 1997 (Trenhaile , 2005 . Even when protective structures are in place, the shore platform continues to wear down. This is evidenced by scour marks around the base of, for example, seawalls and groynes. Quantification of platform erosion is important on natural cliffed coastlines, in order to help predict cliff-line retreat and to ascertain its influence on the rate of cliff retreat, and on cliffed coastlines that are protected, in order to help establish the life expectancy of the engineering structures. This paper reports a new method for measuring rates of shore platform erosion across the whole intertidal platform on engineering time scales. The accuracy of the method is assessed and its ability to detect changes on chalk shore platforms evaluated by presenting results from two test sites.
METHODS FOR MEASURING SHORE PLATFORM EROSION
To date, efforts to measure rates of platform erosion have mostly concentrated solely on small scale spatial and temporal changes. Instruments such as the Micro-Erosion Meter (Robinson, 1976) and the Terrestrial Laser Scanner, (Williams et al., 2000) , whilst providing highly accurate micro-scale measures of surface downwearing (millimetres and usually over a maximum of a few years, with the exception of Stephenson & Kirk 1996) , have the additional shortcomings of the small number of measurement sites in relation to the area of the shore platform, selectivity of the site locations and thus problems with the
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Coastal Zone Management, 21 -23 July 2005, Aberdeen spatial and temporal extrapolation of the results. In addition, the instruments need to be in contact with a reference surface, usually in close (<0.1 m) proximity to the sample point. This makes it impossible to measure processes like block removal as the reference surface is removed as well. Other shortcomings include difficulty in measuring lowering in narrow runnels (gullies).
Conventional surveying techniques such as total station surveys can cover larger areas with a high positional and vertical accuracy, but they are very time consuming and cannot do justice to the relief of shore platforms that can easily reach repeated vertical changes of >1 m over distances of <1 m (dense network of runnels). The extent of the shore platforms also excludes the use of this technique over any large area, especially because surveying close to low water mark is restricted to short periods of time. In addition, historic data based on total station surveys of sufficient spatial density only exist in rare cases.
Developments in softcopy photogrammetry and automatic Digital Elevation Model (DEM) extraction (e.g. Ackermann, 1996) allow for a much more detailed representation of the topography of shore platforms. With the software package used (PCI Geomatics Orthoengine) automatic DEM extraction can be performed at the pixel level of the stereo air photographs thus providing a DEM with a horizontal ground resolution of ~0.1 m at a photo scale of 1:5,000. In addition, ground control points for the aerotriangulation can be collected with GPS in sufficient amounts over large areas and with a high accuracy that allows for more stable bundle adjustments. Using air photographs has also the advantage that historic data are in many cases easily available.
The authors are aware of only one previous study (Stephenson 2001 ) that has attempted to use air photographs to assess changes in shore platform topography. It was unsuccessful in detecting erosion at Kaikoura, New Zealand using air photographs spanning 52 years due to the small scale of the air photographs and lack of ground control points.
SITE SELECTION, DATA AND METHOD
The coast of Southeast England provides an ideal area for the investigation of platform erosion. Observations and previous studies (e.g. Williams et al. 2000) indicate that the platform is eroding and the high pixel contrast between the white chalk and the dark flint in the chalk or seaweed cover is ideal for the image correlation and feature matching algorithms employed by the software to extract elevation information from stereo pairs. The coast also includes stretches of platform where sea defences of different ages are present and others where they are absent. In addition, they are located where dense urban development on the clifftop provides numerous, high-quality ground control points ( Figure 1 ). The two test sites presented in this study are located in the area were defences where built in the 1930s (Roedean) and 1970s and 1980s (Peacehaven). Between sites, changes in the coastal orientation are negligible so that wave approach and wave climate can be assumed to be uniform. However, the chalk layers exposed in the platform do differ slightly in age and lithology. To provide the minimum internal orientation parameters it has been assumed that there was no offset in the principal point and no distortion. The fiducial mark coordinates were calculated by measuring the relative distances between the corner fiducial marks on 3 randomly selected photographs. The resulting DEM is referred to in this paper as 1973 DEM.
The second set of photographs used were flown on 5 th May 2001, in colour, and at a scale of 1:5,000. These were scanned at 21 µm, providing a ground resolution of ~11 cm. A full set of camera calibration parameters was available. The resulting DEM is referred to in this paper as 2001DEM. Ground control points were collected landward of the shore platform using DGPS referenced to the Environment Agency GPS network that is tied into the Ordnance Survey National Grid. The GPS point accuracy thus achieved was in the order of ±1 cm in the horizontal and ±2cm in the vertical. The ground control points were chosen on the basis that they were clearly visible on both the 1973 and 2001 photographs. Most were corners of roadside drains and rectangular manhole covers aligned parallel to the flight path. The same control points were, as far as possible, used in both sets of photos.
The photogrammetrical analysis was carried out using PCI Geomatics Orthoengine 9.1. For both sets of photographs, approximately 140 ground control points were used and approximately 100 automatic tie points generated for the shore platform. The root mean 
DATA CONTROL
To determine whether the new photogrammetrical method produces elevation data at the required vertical resolution to measure changes over a 28 year period, the 2001DEM was compared to three different data sets, one photogrammetric survey carried out for the Environment Agency and two ground surveys. Due to a lack of alternative elevation data, the quality of the 1973DEM can be assessed only in relation to the 2001DEM as described in the results section.
The photogrammetric control survey consists of a set of elevation points provided by the Environment Agency, at a stated vertical accuracy of ±0.2 m that form part of a coarse DEM (EADEM) of the entire coast of Southeast England based on the same air photographs of 2001. Points on the shore platform were only collected close to the water edge and at a mid-platform position (Figure 2 ). The data comparison is based on 2700 points common to the 2001DEM and EADEM at Peacehaven (Figures 2 and 3 ), more than half of which (57%) show elevation differences in the order of ±0.2 m. The average difference between the points is 0.02 m indicating a low systematic error (vertical offset between the two surfaces). Points with significantly higher differences are found either close to the cliff edge or on the cliff (above 25 m OD in Figure 3 ), where they probably relate to variations in their horizontal position. Small changes in horizontal position close to the cliff edge or close to buildings have significant influence on the elevation; in open areas (e.g. grass areas in Figure 2 ) and across the shore platform the differences are generally less than ±0.2 m. Other points with large differences are found at the height of the undercliff promenade (at ~5.5 m OD in Figure  3 ). Here the error introduced by small positional differences either at the edge of the seawall or at the cliff / promenade junction is increased by the fact that the automatic DEM extraction process performs poorly on the featureless concrete surface.
Proceedings The second and third set of data control points were obtained from independent ground surveys. In March 2001, a conventional total station survey was carried out by Alan Henaff for the ESPED project on the shore platform at Peacehaven (Figure 4 ) over a period of 3 low tides containing 2262 points covering an area of ~13,000 m² (i.e. 1 point every 5 m²). The main aim of the total station survey was to delimit topographic features, such as steps and runnels, on the platform. This was achieved by recording point pairs in close proximity at the toe and crest of such features (see the inset in Figure 4 ). The survey was carried out in local coordinates that in 2005 were transformed into the Ordnance Survey National Grid using DGPS surveys of 5 points from the original survey that could be identified in the field. From the survey and the transformation, the rms-error of the survey is assumed to be ±0.02m in the horizontal and vertical. Due to a lack of independent control data on the platform for the 1973DEM the only control has to be based on areas of unchanged topography on the cliff top and the assumption, that differences in elevation between the 2001DEM and 1973DEM on the shore platform are either negligible (±0.2 m) or negative as the platform can only have been lowered or remained unchanged in elevation.
COMPARISON BETWEEN 1973 AND 2001: ROEDEAN
Elevation differences along the road and the cliff edge (both are assumed not to have changed) are well within the range of ± 0.5 m and predominantly ±0.2 m (Figure 6 ). Major changes can be seen on the beaches which have lowered by >1 m (the DEM extraction worked less well on the beaches than on the platform leading to a less continuous DEM) and around some of the groynes that have collapsed, but changes on the shore platform seem to be small at the scale of Figure 6 . However, a pattern of changes can be seen, predominantly along lines perpendicular to the coast indicating the development of runnels on the shore platform.
To illustrate the changes to the runnels, elevation changes are shown in one profile that crosses several runnels (Figure 7) . Between 1 and 12 m along the 55 m profile an average lowering of 0.35 m can be observed. From 20 m onwards 12 major runnels can be seen that have mainly deepened rather than widened since 1973. Deepening of up to 0.6 m can be seen in some runnels (e.g. at 45 m in Figure 7 ). In some places (e.g. at 12-18 m, 34-3 7 m and 46-48 m) the platform seems to have risen by ~0.1 m while the topographic pattern of the 1973 surface is well aligned with that of 2001. This suggests a systematic difference between the two DEMs as a rise in the platform by that amount is not possible. Therefore it seems reasonable to adjust the relative profile positions. Adjusting the relative profile position by 0.1 m reduces the areas with 'elevation gain' substantially. The larger scale negative elevation changes relate to the erosion of specific features on the shore platform. For example the band of erosion indicated by the arrow in Figure 6 relates to the erosion of a landward facing step in one particular chalk layer.
From the profile and the overview in Figure 6 it appear that platform erosion at this site is characterised by selective deepening of the runnels and the retreat of steps formed by different chalk layers. Figure 7 . The green arrow indicates the area where a landward facing step has retreated seawards. Figure 10 show severe erosion close to the groyne and the seawall. Platform erosion has been particularly severe west of the groyne, where both the area and magnitude of erosion are greatest. From standard construction drawings (Stammers 1982) , each groyne was originally countersunk into the platform and, on completion, the top of a concrete plinth surrounding the embedded groyne was made level with the chalk platform. Though this standard procedure cannot be confirmed for each individual groyne it appears to have been the case at the tip of the groyne where Figure 9B shows a small area exhibiting no elevation difference, which can be seen from Figure 10 to coincide with the concrete plinth at the tip of the groyne. Based on the assumption that the concrete surface around the groyne represents the chalk surface in 1975-1977, the western side the erosion was measured in the field to range from 0.6 m near the groyne tip to 1.5 m closer to the seawall. These figures compare extremely well with those obtained from the DEM comparison ( Figure 9B ), which range between 0.55 and 1.6 m.
The orthophoto and the ground photograph show a chalk ridge ~5 m long and ~0.8 m wide parallel to the groyne (see arrows in Figure 9A and 10). This is also visible in the DEM comparison (see arrow in Figure 9B ) and illustrates that even comparatively small features are picked up accurately by the automatic DEM process. However, the apparent elevation increase on the eastern side of the groyne is an artefact of the 2001DEM. These errors, which are often in large shadow areas, or in areas that are more uniform in colour, can easily be detected by visual assessment of the DEMs aided by orthophotos, and comprise only very small areas.
Since the first groynes were built in 1975, annual lowering rates over the chalk platform have ranged between ~2 cm and 6 cm per year, depending on location. It should be noted that these are spatial averages, and there may have been significant yearly variations over the 26 years. 
DISCUSSION
This paper is concerned to evaluate the use of the photogrammetrical method in platform erosion studies. A full analysis of the erosion rates identified will be the subject of a subsequent paper. However, as the figures demonstrate, erosion is greatest on the upper platform and within the runnels. Erosion on the upper platform appears to be particularly fast at Peacehaven. One explanation may be that heavy machinery was used close to the groynes and seawalls to construct them (see photos in Stammers 1982) . In contrast at Roedean, when the groynes were built in the 1930s, relatively little disturbance to the shore platform occurred.
CONCLUSION
On shore platforms similar to those discussed and using air photographs with a scale of at least 1:5,000, modern softcopy photogrammetry software combined with GPS ground control point collection allows for the creation of almost continuous digital elevation models with ground resolutions of <0.2 m and vertical accuracies of a similar magnitude. Surface comparisons can be carried out reliably to detect elevation changes in excess of 0.2 m even for isolated objects only a few pixels in size. The high spatial resolution and
